HLA-DR -CD11b + CD33 + MDSCs were then evaluated and the results revealed that they express high CD13 and CD39, and low CD115, CD117, CD124 and programmed cell death ligand 1; they were also devoid of CD14, CD15 and CD66b. MDSCs and T-cells from peripheral blood were sorted by flow cytometry for co-culture experiments. Lin -/low HLA-DR -CD11b + CD33 + MDSCs from patients significantly inhibited the proliferation of CD4 and CD8 T-cells. Furthermore, functional analysis verified that MDSCs from cervical cancer patients could inhibit interleukin-2 and interferon-γ production from T-cells. In addition, the associations between peripheral circulating MDSCs and tumor infiltrating MDSCs, and tumor relapse and metastasis were analyzed. The number of peripheral MDSCs and MDSCs in tumor tissue were observed to be associated with relapse-free survival. Thus, MDSCs in the peripheral blood and tumors of cervical cancer patients have a significant immunosuppressive effect, and are associated with cervical cancer staging and metastasis. These results suggest that targeting MDSCs may increase antitumor immunity and increase the efficacy of cervical cancer therapies.
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+ CD33 + MDSCs are closely linked with tumor staging, progression, clinical therapeutic efficacy and prognosis for various types of tumors. The present study employed multiparametric flow cytometry to measure the proportion of Lin -/low HLA-DR -CD11b + CD33 + MDSCs in the peripheral blood of 105 cervical cancer patients and 50 healthy subjects. The level of MDSC was higher in tumor patients than in the normal control group and this was closely associated with clinical staging. Further analysis of tumor-infiltrating MDSCs was performed in 22 patients. The MDSC proportions in tumor tissue were significantly higher than those in the corresponding adjacent tissue. The phenotypic characteristics of Lin -/low HLA-DR -CD11b + CD33 + MDSCs were then evaluated and the results revealed that they express high CD13 and CD39, and low CD115, CD117, CD124 and programmed cell death ligand 1; they were also devoid of CD14, CD15 and CD66b. MDSCs and T-cells from peripheral blood were sorted by flow cytometry for co-culture experiments. Lin -/low HLA-DR -CD11b + CD33
Introduction
Cervical cancer, a malignant tumor, is the fourth most common cancer in women. The main cause of cervical cancer is continuous infection with human papilloma virus (HPV) (1) (2) (3) (4) . Cervical cancer cells rapidly evade the immune system and promote tumor progression by inhibiting antitumor immunity (5) (6) (7) (8) . Many reports have demonstrated the expansion of various immunosuppressive cells such as regulatory T cells, tumor-associated macrophages, myeloid-derived suppressor cells (MDSCs), and N2 neutrophils in cervical tumors (7) (8) (9) (10) . Therefore, understanding changes in immunosuppressive cells is important for tumor diagnosis and treatment.
In cancer patients and animal tumor models, there is a significant accumulation of MDSCs, a heterogeneous and diverse population, in the blood, lymph nodes, bone marrow, and cancer tissues, and they can inhibit innate and adaptive immune responses (11, 12) ; this represents an important mechanism of immune evasion for tumor cells. MDSCs have different phenotypes, based on factors secreted during bone marrow differentiation and by tumor cells, which affect cell differentiation (13 
Materials and methods
Ethics statement. All cervical carcinoma patients and healthy donors provided written informed consent prior to blood sampling and/or tumor tissue harvesting. The research protocol was approved by the Medical Ethics Committee of Chinese PLA General Hospital (Beijing, China) and the 307th Hospital of Chinese PLA (Beijing, China).
Patients. Control samples from healthy volunteers (n=50) and cervical cancer patient samples (n=105) were obtained at the gynecology departments of the Chinese PLA general hospital and the 307th Hospital of Chinese PLA. All patients were newly diagnosed and treatment-naive. were used as controls. Beforementioned antibodies were from BioLegend, Inc. For the detection of peripheral blood and tumor-infiltrating cell phenotypes, a standard amount of corresponding antibody was added. Subsequently, 500 µl of OptiLyse C Lysing Solution (cat. no. A11895; Beckman Coulter, Inc.) was added to each blood sample and incubated for 15 min; 500 µl PBS was then added before 500 µl of FACS buffer was added; analysis was performed by flow cytometry. For intracellular cytokine staining, purified MDSCs were added at a ratio of 1:1 to the control group (lymphocytes alone) or to the experimental group. Cell Stimulation cocktail plus protein transport inhibitors (eBioscience; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was added to each group for 4 h of stimulation. Cell surface marker staining was performed using CD3-ECD (cat. no. A07748), CD4-PC5 (cat. no. IM2636 U), and CD8-PECY7 (cat. no. 6607102) (all from Beckman Coulter, Inc.). The BD Cytofix/Cytoperm™ Plus Fixation/Permeabilization kit (cat. no. 555028) reagent box was used to process cells before intracellular cytokine staining using IL-2-PE (cat. no. 506709) and IFNg-FITC (cat. no. 552887) antibodies and corresponding isotype control antibodies (Rat IgG2a-PE, cat. no. 559317; Mouse IgG1-FITC, cat. no. 556649; all from BD Biosciences). After treatment, cells were analyzed by flow cytometry for the production of T-cell cytokines. Samples were obtained using a flow cytometer FC500-MPL (Beckmam Coulter, Inc.), and data analysis was performed using FlowJo software (Tree Star, Inc., Ashland, OR, USA). Absolute MDSC counts were calculated using the following formula: [total white blood cell count (cells/ml) percent MDSCs]/100 or [total tumor-infiltrating immune cell count (cells/100 mg tumor) percent MDSCs]/100.
Cell separation. Separation of PBMCs was performed using density gradient centrifugation. Briefly, blood samples with EDTA anticoagulant were carefully separated by Ficoll-Hypaque (GE Healthcare, Chicago, IL, USA) separation media. The PBMC obtained after centrifugation staining was used to determine cell viability by trypan blue before flow cytometry.
To separate tumor-infiltrating immune cells, newly resected tumor tissue (100 mg) and matching surrounding tissue from 22 Stage III or IV cervical cancer patients were cut into pieces and digested using 500 mg/ml Liberase (collagenase) and 200 mg/ml DNase (Roche Applied Science, Penzberg, Germany) for 45 min. The cell suspension was then passed through a 70-µm cell strainer (BD Biosciences). Centrifugation using a density gradient was then performed as described, and the corresponding cell layer was aspirated using a pipette.
In vitro inhibition analysis experiment. Fresh blood samples (20 ml) from three stage IV cervical cancer patients were used for PBMC extraction. CD11b-PECY7, HLA-DR-ECD, CD33-PECY5, Lineage-FITC, and CD3 monoclonal fluorescent antibodies were added to PBMCs before being sorted by the MoFloTM XDP cell sorting system (Beckman Coulter, Inc.). Sorted cells had a purity >95%. For MDSC functional analysis, purified CD3 T-cells were stained with 2 mM CFSE (Invitrogen; Thermo Fisher Scientific, Inc.) and CFSE-stained T-cells were cultured with Lin-/lowHLA-DR-CD11b+ CD33+ MDSCs at ratios of 1:0, 1:0.25, 1:0.5, and 1:1. Soluble anti-CD3 (2 mg/ml) and anti-CD28 (0.5 mg/ml) antibodies were added and cells were incubated for 24 h before being measuring proliferation through flow cytometry.
Statistical analysis. Statistical analysis was performed using GraphPad Prism 5.0 software (GraphPad Software, United States); unpaired Student's t tests (Mann-Whitney test) and unparametric Spearman tests were used to assess differences and correlations between study groups, respectively. P<0.05 was considered to indicate a statistically significant difference. (Table I shows clinical patients data). The ratio of MDSCs to total leukocytes in healthy volunteers, clinical stage I-II, and Stage III-IV patients was calculated using flow cytometry (as depicted in Fig. 1A) . The proportion of MDSCs in cervical cancer patients was significantly higher compared to that in controls (P<0.0001; Fig. 1B) . MDSC levels were also significantly increased in the peripheral blood of cervical cancer patients compared to that in controls (P<0.0001; Fig. 1C) . Further, the proportion of MDSCs in clinical stage III-IV patients was significantly higher than that in clinical stage I-II patients (P=0.0014; Fig. 1B) . Next, we found that the absolute number of MDSCs in stage III-IV patients was significantly higher than that in stage I-II patients (P<0.0001; Fig. 1C) . Fig. 2A depicts flow cytometry used to examine tumor-infiltrating MDSCs in cervical cancer patients. For all tumor-infiltrating CD45 + leukocytes, the proportion of MDSCs in cancer tissues was significantly increased compared to that in surrounding non-cancerous tissue (P<0.0001; Fig. 2B ). The absolute count of MDSCs in cancer tissues was also significantly increased compared to that in surrounding non-cancerous tissue (P=0.001; Fig. 2C ). (Fig. 3A) . In the peripheral MDSCs of cervical cancer patients, CD13 was highly expressed, CD124 (IL-4Ra), CD115, and CD117 were lowly expressed, and CD66b, CD14, CD15, PDL1, PD1, CD34 were not expressed. These cells expressed high levels of CD39 but did not express CD73. Intracellular staining also failed to detect CD73 expression (results not shown); this was in accordance with a previous study on colorectal cancer (26) . Similar to that observed in mouse MDSCs (14) , PDL1 expression in Lin -/low HLA-DR -CD11b + CD33 + MDSCs was low. No significant differences were observed with respect to these markers between normal and cervical cancer samples.
Results
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Previous studies showed that Lin -/low HLA-DR -CD11b + CD33 + MDSCs can inhibit T-cell proliferation in other tumor types. We extracted highly pure (> 95%) MDSCs and CD3+ T-cells (Fig. 3B ) from peripheral blood. CFSE-labeled CD3 + T cells were co-cultured with MDSCs at different ratios and stimulated with CD3 and CD28 antibodies. Upon analyzing CFSE fluorescence in CD4 and CD8 T cell subsets, we found that with an increasing proportion of MDSCs, CD4 and CD8 T cells were significantly inhibited ( Fig. 3C and D) . MDSCs can function through multiple mechanisms, including inhibiting cytokine production in T cells. We tried to verify the effects of MDSCs from cervical cancer patients on CD4 and CD8 cells by analyzing IL-2 and IFN-γ in CD4 T-cells and IFN-γ production in CD8 T-cells. The cytokine production in CD4 and CD8 cells was decreased in the experimental MDSC group compared to that in the control group (no MDSCs) (Fig. 3E) . IFN-γ production in CD8, and IFN-γ and IL-2 production in CD4 T cells, respectively, in the control and experimental groups (P=0.006, P=0.0024 and P=0.0372 respectively) (Fig. 3F) . These data suggest that cervical cancer-associated MDSCs can inhibit cytokine production in T cells, resulting in decreased proliferation cytotoxicity. to occur more readily in the high group (Fig. 4A ). Although our results did not reach statistical significance (P= 0.0531), some correlation was observed. Similarly, levels of peripheral MDSCs in clinical stage IV cervical cancer patients were found to significantly correlate with RFS (P=0.035; Fig. 4B ). We next analyzed the relationship between MDSC proportion and absolute counts and tumor recurrence and metastasis in 22 tumors from clinical stage IV cervical cancer patients. We observed that a higher proportion of MDSCs was significantly associated with recurrence (P=0.0466; Fig. 4C ). MDSC levels in tumors were also found to be significantly associated with tumor recurrence and metastasis (P=0.0429; Fig. 4D) . Thus, the proportion of peripheral and tumor-infiltrating MDSCs are related to tumor progression in cervical cancer patients.
Peripheral and tumor-infiltrating MDSCs is associated with metastasis in late stage cervical cancer. We further analyzed
Discussion
MDSCs play an important role in tumor immune evasion and tolerance. We examined changes in Lin -/low HLA-DR -CD11b + CD33 + MDSCs in cervical cancer patients based on clinical stage and obtained results that were consistent with other tumor types.
The samples were all fresh, and conventional sample preparation protocols were used. In addition to examining MDSC phenotypes, we also assessed. In mice, MDSC populations have been verified (14) ). This review also summarized the biological functions of these MDSCs, including inhibiting T lymphocyte proliferation, IL-2 and IFN-γ production, and function (27) . Our results were consistent with those previously reported; specifically, we found that MDSCs inhibit T-cell proliferation, IL-2 and IFN-γ production in CD4 T cells, and IFN-γ production in CD8 T cells.
In these other studies, changes in MDSCs were shown to correlate linearly with tumor burden (19, 28, 29) . With increasing clinical stage, circulating MDSCs increase. Late stage cancer patients with higher levels of MDSCs are more prone to recurrence, which in turn affects prognosis (13) . Similarly, we showed that peripheral circulating and tumor-infiltrating MDSC levels are associated with RFS. Possible reasons for these are as follows: Circulating tumor cells or tumor cells in the tumor microenvironment could secrete cytokines resulting in the expansion of MDSCs and produce pro-inflammatory and angiogenic cytokines to recruit MDSCs, promoting tumor proliferation and invasion (30) .
Previous studies have shown that the proportion of MDSCs is higher in the microenvironment of different tumor types (21, 31, 32) . We also showed that infiltrating MDSC numbers were increased in cervical cancer patients.
We found that Lin -/low HLA-DR -CD11b + CD33 + MDSCs have a specific phenotypic profile. These cells highly express the myeloid marker CD13, exhibit low expression of CD115, CD124, and CD117, and do not express the monocytic marker CD14 or the granulocytic markers CD15 and CD66b. These phenotypes are generally similar to those previously reported (13) . Interestingly, this population of cells highly expresses CD39 but not CD73, which both synergistically promote immunosuppression (33) . These two molecules are expressed on human regulatory T cells and mediate an immunosuppressive effect (34) , inhibiting the function of Th1, Th2, CTL, and NK cells (33, 35) . In a mouse study, the expression of CD39 and CD73 increased the immunosuppressive activity of MDSCs (36) . We also found that this cell population expresses low levels of PD-L1 and does not express PD-L2 or its receptor PD-1 and B7 family members, but can still regulate the immune response and induce immune tolerance (37) .
Consistent with the results of previous studies, circulating MDSCs were shown to inhibit T-cell proliferation. Some reports have confirmed that BM-MDSCs inhibit T-cell proliferation by decreasing their expression of CD3ε and CD3ξ (13) . Our in vitro experiments also confirmed that Lin -/low HLA-DR -CD11b + CD33 + MDSCs can inhibit IL-12 and IFN-γ production in T-cells and reduce T cell performance. BM-MDSCs also express arginase I, which depletes extracellular L-arginine, resulting in downregulation of CD3ε chain and diminished T-cell proliferation (17) . Lastly, we confirmed that Lin -/low HLA-DR -CD11b + CD33 + MDSCs are associated with tumor burden in cervical cancer. Abnormal accumulation of peripheral blood or local MDSCs is an important immunological mechanism of T cell anergy. Our studies could provide the foundation for immunotherapy to treat cervical cancer, and particularly immunotherapy targeting MDSCs.
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